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A* IimS- * -r ^'J 1 0 3 -?frm 

u >f vtxzmD-rzx, ststioi 

ft**fftS1I 1 o l izthti U ««i£fi l 0 l ^f>tlit) 
^tcm^S^LS-Jf AU mT-S^LJfAB«Srffit)-r 
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M 
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I* 



* 

©IK 



1 

LJfAv*x-MCj3V>T, 

•J -Y >T» 9 Z^WLt. 

WS.'£it8Lt. 7 9 v 9 Z> ftttSfiffififi i tf>KJ 

*M4**a#?U A££itfcm^S^L&JKK*tl£--r<2> io 

frb, A2lS*L*m^2tf>Lffi*©f!iUfttf«tc36o^ 
WLMm : F-&frL%i&.% XD'*? * - ? t LTflJfBA*® 

IbJKoti^BBIiMi-?* *) . 

-taw**! tcia«om^s^ ujf 

[K#«4] S9iaS?S^L5fiJS«0(Wi^«#^ BSC* 

± o x *5c-r * w t & # © t -r z> »*« i kisik©^ 

S^LtfA->^.-fA 0 
[W*S5] m^-S^tSiJSt, HS?#-fb«i:> 79 y 

s^m^s^ L#^«-«rissa¥S^A*-r-& - 1 
A. 



*$Ba^ 1 1 -3 4 6 3 0 2 
2 

A^ftasaa^ra^s-m^jt^LK^u a*s 
L&ffi icid t fcsis-ctnaa^s* 1 l * a 

*LlfA#tS:£. 

^fBm^S^LJfAH^^^LT, AflSJt&T* 
/<7 * - 9 KlS CT T 9 y 9 UT 7 * ? * 

Srfg'fTU 7 9 •? 9 2tltzW@L*!kJ8.-r2>T 9 ? 9W& 

wib a* t ffiRm.+m* l n aw$ £ ittfc-r & - t 

CiO, mT-S^LJfAtcior^t-^liS^toS^ 

irfeA^il«^#®i«rtf»br*x^';tc5-SL, * 
at* KAjjw&tm* *m*a^ us* t <om^^ 
?v9*. m.^m-L^m. 

ffiffEllK^'fbJK ^ HflffiT 9~j9\zttlTZ> itti^ffitt t <0 

^ttsit -ran** 5 icfam<o«^^L 

ifA->^-rA 0 

K¥^U iiiK^bJKS-m*1-*#Si:. 

•y^^N*^>-^i«rl5«tm^T'-^* i f>, T 9 v 9 

L 58* t MS® S^-fb* t iftfBiraiFfiH! t *■ 
Sr*-f * r t * ft®. £ -t * ft** 6 tcfaSt^ST-S^ L 

r * y 9 /<5 j< - ^ ^*t-t *^m^<oit^**i-|iSc 

««rff m-f -& C t t -t h W#* 7 KB*©*** 

^UJfAv^xAo 



(3) 1 1 -3 4 6 3 0 2 



3 

* - 9 KB ZX7 9 y 9 <D®m*m$5 LX7 9y9 
£H*tU 79 •J?Z1XtzW®L*$LJ&.-$-Z>Tir v 9 MM. 

K«t»K «^£^L»AK.fcoT±i:*lig*'fb<0£-£- 

St, 

r';'?.*, m^S^US&K. T 9 v 9 '**9 Z- — 9 ^iz\Z 

^-sa* l si «fe ic r * * K*r-r a irafHHt * H&IE& 

naiei® K^itis t «rf e r 9 -y 9 iztt-r a mmtmm t <d 

i i ] itrwrat* 
~9*\&t>-rz,^WLt, 

mm%itm:i*7-=f>)'(>Tv9A. s^F2^L5SKft 

T9 y 9*J *-9 tmU^.iH,^r-9t-h. 79*y9 
t?2*> L » a t tJIEllS #<bJK t ftriBfH£fMillHi t £ 

2] flrBltttfFfllittfttiJ^K*** 
T 9 v 9 > - 9 KHt Ztetii&vm&im-tM®. 



4 

4] iH£K^;§^Lra$ft*j¥A-r*m^;§ 

#• Lif A v X 7- A * n > kf a - ? - ± K H^t" * tz #> <T> 

■fu9 r 7AimmLtzzj>^^-9i>m^-t *) nm^u 

io Kj3v>T, A*®«w4tmfi*W-aLL.T*7-=r'; \zfrm 
MK^kiKi:, T 9 y 9 \zH1~ 2>1ft&.WM1M.t <£>§H 

* f- =r > r •> ^ ^ c xmmm? 2^ l 
mw^tstt 7 9 y 9 \ztt-t &wti&.mmmt zmxi-z 

^c>. A^$^*m^^L-54)gO«iJiKJlS#tc»o*v^ 

A^i^ix^a^ji^.T'-^^m^s^L.ic^L. stria 

ftSWF-JS^LSilJKfcA;^^-* t L-CtTlBAtll® 

«tcirfem^s^tS:#AL> a?-s^L#Aii«t t 
tfflAt ^-&^t , «fiS;$^^.*mi : •^s^L^fA 

-r A 4- n > e a - ?±l::3!S$-g:£ tz^^rtxi 9~v 
A iUm Ltz zi > tfi - *) ^"tl^IE^«l^o 

30 [iMl 5] a^S^LSiSt. BS^bJSt. 

v ^ Kiti- zffi&m-ffifatnw&zwi&Ltzw.^mfrL 
a* 1- * a^-s^ u# &vtm^m z ^ ^ -e« 

1 4 ^feecom^S^L-JfAv^-rAS- 
3 > fcf-x — ^_hic £:J6W"/n 2^ 7 A 

^ ± M a $ * * tz ft <D -f n ^ 9 A ?• E^fe L ?t n > tT jl 

- 9 t *) vsm a: ie««^t3 ^ x , 

40 A*S^-S>a*ji*1f««rm : f-S^L.tc^|ftL. A#$ 

fl««K}fAU a^S^L}fA®««-^1-*a?-S 
^LJfA^St, 

friaa^S^LJfAH^^wtr, >\i>zixz>7 9 •? 9 

/*<7*-9\,zmcXT9-y9ff>%ig.Zm%SLX7 9y9 
S-HtfL, 7 9 v 9 % ixtzW$L% £.$L'f %>7 9 y 9W& 

HJET^ v9 $titzWmzttLxn.=f-&frLV&ttii& 

50 *trieA*ii«tfrfES^S^t}#Aii«s-it^4£ t 



(4) 



&m¥- 1 1 -3 4 6 3 0 2 



'& : ?-&frLWAlzi-?X!iL£zm'R£ite>m& 

fit, 

m* £ A*H« fc«* ***** L5S«t wja^-g-*?-^ 
f^^, m*a*L&jK, y^^-^rtK 
*a*L3&js^K7* -j t ic^-r^itttffiffin^fria^ 
-Or';'*;*., m*a*L®K©K¥^LTiiH#-fkJK 

tti&B«*«i-a*a*ui*tt«*&j*u imji-** 
*a*LWtta&**sfc **//-cflMts 

L« tfeStffrSSM: * = v a - * ± n*S * * * » «> 
•/n $r 7 a * £g L n > tf a. - ? WW.*- 1 *) pTffe * ffi 

[0 0 0 1] 

K*ifcU-CB*»c«iXi-*, a***Uf Av^fAt: 
[0 0 0 2] 

14, Wx.ff#iB¥9- 1 9 1 3 9 4 -§-<&$R^:£lSlc f"l 9 
97#12fl, 7-f - ^ - ■ ^ - • - - i>7>f?y 

|12t, 1 6 7 3- 1 6 8 71 (IEEE TRANSACT! 
ONS ON IMAGE PROCESSING, V0L.IP-6, NO. 12, 1997) J 

[0 0 0 3] B10I1, HJfB<2rBa#fri3 J: I/ltirfarStiRl- 
fSSt$rtfc$£*wS*a*L#At?-e*4 0 J9ttKK]ft 
glOOOli, AJMCWLtDCT (Discrete Cos 
ineTransform;SS£flcn^ >g£&) Sfcl4, DFTMDis 
crete Fourier Transform I Sift? — 'J -z-gEtft) fcfi 1 
v>, SJSMMfc4rT-^Jf A»l 0 0 l^ffi2r*-4o 
*»A»1 0 0 1 14, JBIftftKtftSI 0 0 0*<btB*3 

LSffiflE'CJfAL, a*a*LJf 

1 0 0. 2 -^ffi*1-4o jKllttftKM 1 0 0 2 »4, 
A3* 1 0 0 1 *»<btt*$*t4«-TTi*Ll*ASE 
M^fl^l 0 0 O-Ctffctifcg&O 

& o 

[0 0 0 4] *K, Sbf^Srltt^-r4. 0 fltt 
ScSEtftSSl 0 0 Ota*?fi, U«^IC**LTDCT 



14, Atll 0 0 1 ^thJjZIXZo v-^ifAS 

10 0 1 ri4, ^&#&<D*£ 30*Sv*#*fett?9 

JfAaaflMBcfcv' i-rat, 
[0 0 0 5] 
[»1] 

!0 — 



v'=v + CDc 



[0 0 0 6] £>*v>l±, 
[0 0 0 7] 
[&2] 



v'=v(l+0x) 



[0 0 0 8] *f tcSfeoT^T-a^LS-Jf A.i-*o 
[0 0 0 9] #^*l*m*a*L}f Ag£&#&»4£JSi!fc 
ftXttlUK 1 0 0 2 ^mtl i - "C, 3£ D C T £ it 

20 (iJ£DFT**=}ft)tl.-cm^-a^Lif m* 

[ooio] mT-a^ujfAM«<o®i®^bi:, m*a 

v-^Jf A3§1 0 0 1-nA*$^41?-2*L1K 

^^tcwr4iSt14»4|6]±^-4o 
S^a^Ltf AWfc<OIBK*ft: ; S:}Jpx*£ 

30 [0011] 

^^om^a^Ljf A->^-r a-cj±, m*a*Lt£j£ 

[0 0 12] -€-<OSfil4, a-fifigiCtWLa 
JgfcP&L-C, m^a^L^rJf Al-^Jtfet 1 **., 

om^a^tjfA^^-fA-cji, a^-a^tjf a»-4o 
40 l*^ic#alt, Ha^-fk^^oaa^ft***** 

^<OS^a^L5^iS^*tL-CKLJt^:T-L^, S«J*m 
{4*3*»<b4*»ofc„ 

[0013] su<osst4, s©fcmTaa>L5$j£!±iiH£ 

^tx.m^a^L5SlSi:iSS^k, TfvfiKttt 
so rcoiI«tc®ffl-t4<oi4ffliS-cab'9, KOSiS^^a 



(5) 



tefflW- 1 1 -3 4 6 3 0 2 
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[0 0 14] *§tW<OBlfili. 3.-WXD1rZ>M&$i 
tt KfcJgT # LJf A v 7. r A Srtttti" * i t 

[0 0 1 5] 

K^fcJgi. 79 y 9 IcJ^-f'iittSSFffi'dt ^>M#S"fB 
5&L^m^S^Li|tttS«rSaLT^§, HirEAl/lHfc 

t&E*are«^ira«^a*L3*Be*w2ju me 
^lcmiu urEaawf-afrLautfcA*'*?.*- 

* t LriHEA*H«lKS«BmT-a*U*-Jf XL ST 

[0 0 16] *JWOtW*LlfAi'*tAtt, «T 
a^L&JKOflniftflmt LT, MK^kSwit^milMt 

E*amTaa»L.SiK**fe£u a»i-*itsrw«t 

tic 

[0 0 17] #3&iJB<0«^a*L#Av*r.M±, ST- 
a*»L5*flEOW»fll*i:U-C, Y 9 v 9 itZ.$$~t 

a* u WEm^-a^LaiftjuB^SK 
isiirt-ciiriBaam^a^ussKs-ftsgL, u*t4i 

[0 0 18] *MOlfS^LJfAv^fAli, ST- 
a*>LaiSE<0«lliKj1f«t LT, BR*'fb*i:1WE*^tt 
»«fcO/t?v**ft£i-4**ft»*»i**Aau ft 

EST-a^L3SK»m#stijv»-c, *wt?a>L9i 

[0 0 19] *ft9§0*7a*LJ9Ai'*7--Mi % 
fffiffi t <OW& * E& L fcBT-a*' L#tt^Sr^JS-r * ® 

^•2*L«tt«ft*««*»»t, ^fiK^tt^m^a^u 

[0 0 2 0] ^KO«?-a^t4#ttSffAttBli« A 



8 

LS&KKJS C fcSIK-CMES^a^ LS-A2J 
■«KJfAU S^a^LJf AB«S-^1--&S : f-a^ 
LtfA#®k, «!EmTa^UJfAIl«^LT, A* 
£ tih 7 9 y 9 /<? > - * UlS ZX79y9 <D5£E £P 
t$LX7 9 v9&nifL. T9 v 9 ZlXtzWte* 
h 7 9 y 9 H«£)£#fi: t , MET * 7 * £ *lfcB*K 
ttLTm?-a^L<0&tB£-lst*, ^ffi^Srffi^-r^m 
fS^U^ffifgt, frEA^H^t^Em^a^LJf 
AB«*ifct!t-f 0. m^a^LJfA^J:oT 

£1-SB«#<fcS#ai¥f3:k. 1WEA2»W*«>#««* 
Iff Lt*f^ »c£-gU A7^H>'f^^S'ffi 
ti-r-&*7 L =r';5-|g#g:k, «*fcA2»B«i:«U&m 
^a^ L3£JK t LT&ffi £ *t£iiirE- 

fy^xfeK, mTa^L&JKilftEBH^bJSkltJE 

t 9 y 9 izt$-$~z> m&mmm t om&n* z m-tm^-s. 

[0 0 2 1 ] *&W<0«Ta^L#1£Sf^3S«l±> *J 
EmT-a^L4f^*fi£#Stci3V»T, 79? 9 * 

-9, m?-a*LiftK. *f^Hvf^xsi: v m 

t^m^OBII#S-*«6> iStlSfFfilli^S-fmtrtB 

a^a^L5*JS4:«rEli®*'fk«i:«rE»14fFflBffi[i: *• 
^a^L#S*S-^L> ffi 2) -T 

[0 0 2 2] L#tt$Mtii±, «fr 

EiWttfFffiffi#aj*S:ui3v»T, r^^^^7>-^ic 

40 mzMzztizx^xmiimmmiMihirzztz'wm. 
[oo2 3] *»wo*^-a*L»tt*ftj«ii««i, itr 

EiBtt4fF<ffitt#ffi¥S^i5V>r, 7 9 y 9 * — 9\z 
L£^fe&±ttt2>m$t7 9 y 9'<<7 *-9<Og.m*$L 

[0 0 2 4] 

so TEI®S-#!!BLT»iBBCliiWi-*o 



1 



(6) 



KM* 1 1-346302 



[0 0 2 5] gll £#85t<&£. *IS93<0-fl 
[0 0 2 6] 0K*SV»t\ ijy-=f')^-mUl 0 3 it. X 

1 0 l'Miiftt&o 0 1 it. *-r3"J^-ISSS 

1 o 3^<bm*$ix**x^'; ^ >f7^^i:J:otffl 

S ft * ^ita* L K **t * H® *-ffcS fc ftt£i¥<ffill 

ttm^s^tsiafitmsei o orator z> B m^s^ 

mmrni o l^w^-tSo fit, *<D&&t Lxmm 
mw.1 o i ^t>ffi*$ft*. -tom^a^uiftKcwi - 

a*L5HKt«teStr*^-a*»ujfA«i o 2^m*-r 
-60 m^a^L#Atii 0 2 a. a*ii*7 : '-^«-B^ 

[0 0 2 7] HI Ic^i-m^-S^LJfAv^rA 

[0 0 2 8] ASM****"*-* ar^'JwaicfcKi: 

k (= 1 K) -CESU1-.&0 «T-a*Uf.W* 

i:^WLlStUTWi3#4tt«rs (m) (m = 
1 M) t1-Z>o S^a^LSHJKli. fflv^m* 



10 

*^2*>L*f AT ^=f'J tctK^LT^ 

feJKB-VMflKlBlMtU **i-Fft<Dtt* s (m) 
•to S&K, *'tJU'f>f»*^* , k, LSI 
g**s (m) <Dk£<DWX£1tmtT9yirlZ*t-r&Wi 
&mmmi*ti-?ti.D (k, m) , V (k, m) 

to 

[0 0 2 9] H*#H?.L-Cif8BKS4IEt*o 

[0 0 3 0] XUZtitzWiSilt. *f^'J 0 3 

10 ka#$*l&o *T^';«-sa5i 0 3-c»±> n«<o!i#m 

j&^rf; KJR-tSiMsiseU -e-<DAf ^ , J«r/Tt*fd' 
'M vf ^^^STtH^t^o *^Mtcti, *-r=r';$5-!g! 

-60 

[0 0 3 1] *-r=^';^Sfi51 0 3^f>m^J?it^:*x 
20 a'^vf^^li, S8HIl0l^A*?^o I 
St&Sl 0 I K»±, &iiT*') 4 >Ty txizftLT, 

[0 0 3 2] 
[«1] 







7 9 -y 9 K*fr 
-t&iM£fF«& 


8(1) 


D(k. 1) 


V(k, 1) 


8 (2) 


D(k. 2) 


V(k, 2) 








8 (M) 


D(k. M) 


V(k, M) 



[0 0 3 3] 1 0 1 X-\t. mT-S^ L3£J£#ai 

&1 0 O^^-a^L&JSs (m) **A^?ft^t# 
|C, ^x^U^-SSCl 0 3^t»m*$*t^*-r^'M > 

L, Efi^fcftD (k. m) tM&MffiMV (k, m) « 

tsrBT-Sd-L^sffmeei oo^m*it*o 
[0034] m^aa* L^jsnmas 1 o o r-a. a^h 



[0 0 3 5] 
[&3] 



Z(m) = (1 - a)(l - D(*,m)) + aV(* f m) 



[0 0 3 6] iii:. ati> OSa^l 5:S/:to 1- 
D (k, m) 0»#»±fiR#<bf£* t 'J>SWi^ t&*> 

(k, m) m^S^LaSJK^^vMS^i < 
&o 1-D (k, m) fcV (k, m) f± h U- 



50 



*o 

[0 0 3 7] ^CU. 112 Sr#.B?.LT, «^2a>L3£K#r 

asgisi 0 o<oib^S:#iaa(csi^i-^o 

[0 0 3 8] 21*. SWLKSO'fVf^^mS: 
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lK-fcyhU 1 3 ©| 65B5 tfOf *ffi Srgf Z m a 
x S^t*4xaS^La«S'StSma x t 
ZOiZ-bv h-fZ 0 0) o SUS® 

1 0 1 KS^i§*L$££s (m) -?r<D&mt L 

m) fcftttfFWlV (k, m) tiWl*&tt UTVZf 
501) . -JfcK. MK^-ffcED (k, m) jPffrSBUMK 
Do fHSfHBIillV (k, m) ifi7 9 

?*Ktt1-*$£fg«l<0&#<iVo i»)*iv»*»if^* 

■fA-eta£$*i"Cv»&imAv»U &i£-f * J: -p 

-£lf, &3<0§($W&*fl-#L (Xf^5 0 3) „ Z 
maxCftZ (m) <Ofe £ Z &%Llr 2> x ->> y 5 0 
4) o *-L-C, Z (m) 30 ? Zm a xtUifc^tf, Zma 
xKZ (m) SrftA-fafc t 

LSigEOffis (m) SrSma x^ftA-f-S (^f?^5 
0 5) o i> U 5 0 2 tf>&#*8t/.:3&)&»ofc 20 

*-&»±, * 7^7*5 0 3^t>^x^7'5 0 5 ^fOidkS 
o ^f^5 0 4?Z (m) **Z 

ma x i t)/h$v»^e,lf^x-y/5 0 5 O&IIS-** 

6) , m<M(0fc£t±, mOit* 1 tzV*g*LX (Xf 
7/5 0 7) ^7 7^5 0 1 ^M&o mSMO«-g-tC 
l±> Zm a x (73-11**0 -C^V^^^^p-c Uf7/5 
0 8) , Otii/^li, Sma x fcS&S^Jg* L5£ 

0 9) LtfeliJJTti, ^f7-/5 0 8t, 30 

Zmax#0(3Lv^i:tt, S^l^L&JKi Lt 

Uf*;/5 10) LT*?-Ti--ao 

[0 0 3 9] mT-S^L5fiS#ffiSBl 0 O^tB^Sit 
*SiS«^S^LifiSJi. m^iS^LJfASBl 0 2^A 
^j^tL-S 0 «^jg^ Lt¥ ASS 1 0 2-Cli, A2)S*l&S 

tesei 0 o^^ta^stt^siim^^LSiSti-^o 

*€" LT, #^*W£l±m^£tf>L}fAIIifStt LTHJti 40 
[0 0 4 0] %?jS*U9ATA':J'*jX.Mi« 

V^T/l/^'J XA-C&tttf, •tt^<OT;W^ , J 
Srki { -Cl4o tfUx-tf* 4fPS¥9 - 1 9 1 3 9 4-§-<Zf 
I" 1 9 9 7 ^ 1 2 J! , 7^*-^-^- 

• h 7 >-f ? > a >X • * > • - ->*/n -fe y -> V 
X, IS I P - 6 ^ 1 2 1 6 7 3- 1 6 8 71 

(IEEE TRANSACTIONS ON IMAGE PROCESSING, V0L.IP-6, 50 



1 1 -3 4 6 3 0 2 

12 

NO. 12, 1997) J iZTfiZtlZttZm^ZZ. t&XZ 

<PiZ&$tlZ,/*7 * — 9 aXijho 

[0 0 4 1] ±a«^S^L}fAv^xAlci5V»-C, 
HJMrtfcOHFSIWMlDo OfflSr, m^Jt^LStRfiillifc 

4 0 i file J: -S^-S^LJfA^icT^C^liK* 

[0 0 4 2] itz, ij^om^S^LvX-f 

* LttSlflliKHfftt t LT^IT |i±Ti:t4iHt 
tU a— ifitffij<,»3gL4v»*^U»i. 

<X7t^ft«-fflv^o ifUCitK 7 9 v 9lz*t-j-Z>W. : P& 
[0 0 4 3] *7tx ii^omT-JS^Lv^T-^tciJV* 

C r PUST § i> J: d % *> o 
[0 0 4 4] ^ biZit, SH^-ftO^IS^aDo . T 
^•>^^Wf-&?c^:*i«<0|5g#ffiVo , MK^-ftit* 
>^.*8l>E-t-&»*#tt*&«a<0^r 

L&mmmnt lx$zw.x § ^ «t -5 ui-* 

&mmRfe> 79 v * izn-t&$-£m&<ofs.%.m. ws 
1 7 9 v 9 \zn-r 2, ma t <dj 1? t e m ens 

[0 0 4 5] ^fl^oftfeiOIIJfew^uov^rii 

[oo4 6] @3 %mmi-z>t. *$&w<o-mm<7>M® 

t Lt^fS^LJf Av^.'r^ja^^^Tv^o 13 
^H^S^LJfAv^xA-CJi, HI ^m^Jg^LlfA 
v^fAOSSSil 0 1 O/0*to >9 ic#«^fi 1 3 1** 
«^?it, SfHtl 3 1 KVT-a* L#ttS 

ff^ei 3 2**«^?ttTv^***, BKOy^fA 

[0 0 4 7] @3«0->^fAm S^S^L#ttSf^ 
fiS;^® 1 3 2 KJ3V>T, #*x=rij ^ 9 XlzftL 

#tt3Eli«»3£ft 1 0 l^tiU^^n, i«Hf 1 0 HZ 



(8) 

13 

S«S*t* 0 S^T§*L#14iEflM£iSBl 3 2 li. ftK 

[0 0 4 8] *HlJt<73tewHJfero«*8Hcc>v>-CI2 

[0 0 4 9] E14*#ItSt« *%lB<0-f|«&<^SI 
t LTOS^-g^LJf Av^f Ai { /T?ftt^io 04 
om^S^LJf Av^xATMi. gl 1 <om?-2I^L» A 

v^xAcosasei o i <D&t>*) tc^flisiai 5 1 tj* 

«jgt$*U S <b fc, SSI^a 1 5 1 tCA2j3£fi 1 5 2 A* 
m&Zti. XJjmW. 1 5 2 tililBfMKtt 1 5 3 W&WiZ 10 
ttTV^.&ri*, 01(DyXfAiSiSo -€-*lJ£l*H*0 

1 (D->^f At^fiic 

[0 0 5 0] 04 ©v-X-r-k-Cli, B3Oy^fA<0t 
?S*L#tt«M^fil 3 2 ^ffiS1-SS«(Cfev> 

5 3iZ&m2tl2> 0 EMtt^l 5 3tC^jW$^^m^-S 

a*L!fHt*«i, A^^ai 5 2 iattsa^t i o 1 
ka2>s*u t»Mi o nz^mztiio 
[o o 5 i] msic^^^^m^s^Liiftt^ 20 

5 «• #bb u * a* s> imu kkhh- * o 

[0 0 5 2] mT-S^ L!f A6B 2 0 0 li, Si6j&*7'- 

A*n«ujfAL, m^a^ui* Aiift£7* 

SB 2 0 l^tS. 7 ^ v ?nn®2 0 1 l±, S^-it 
*LffASB2 0 0^t>m*S^*S^^t#Ail«U 
J>|- L"C, XH%KZ>T9 v 9'*7 *-9iZSL^>Xfci h 
ftmom^OT ? y 9 L# AHftK** LTH 

*TU 7?;'*Sit*:iIift£^T-;t^l,&aJ§&2 0 2-- 30 
IhD-fZo m^-S^L^tbffl5 2 0 2«i, 7 * y * HffSB 

2 0 1 *e>ttA3*i&7? v 9 ZiitzWrnziiLX. W. 

jss&2 o s^mu-r&o HK^bSMLtbtt 2 o 3 u, m 

■^SS** L*f A£& 2 0 0^C5m*$^-5.S^-S^LJf All 
ft i: AtHSft fc* *b BR#<b£ * » tti L , ' If L# 
ttS£j£SB2 o 5^m*-t^>o *y-=rv%-m&2 0 4 

l±, A*B«**T=C>;JC^SLT> AffJC-fVf 
» ^^=&m^^L!}#tt^SS:SI5 2 0 5— ffi2J-f&o « 

L4»ttft^Affi 2 0 5li, m^-S^ L&m§B 2 0 «o 
2^t>ffl;tJ$tt*&ailSmi:> m^S^LSiJSi:, 7* 
MR^kfi^UlSB 2 0 3frhmiJ$ 

tizwRWtmt. *T=r>)frmm2 o 4frbmu$ti 

[0 0 5 3] ®5<Dm*&frL!&&mVe!8.gim<0 
*„ 

[o o 5 4] A^ilftogcfc 1 t U I tfc<DA;t>Iift<o so 
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-5-ivrft£A;£>iIIft<0'f >T';9A i (= 1 

I) -CESU1--&0 Sfc, 7?-;^^7>-?©^tt^ 

x (j) (j = 1 J) tti, :^7*? 

^/•!7^-?tli, 7 9 '^naig4-|31t4^7>- 

^T*-5)o *f^'J'f>7'?^^k (= 1 

K) , m^-S^LSifEs (m) (m=l 

M) , HS^-fbSD (k, m) „ 7 9v9\zm-hWBL 
WHKV (k, m) »iiiiri£tf>a A*® 
ft i U*t1"-i)*7 L k (i) x MS* 

lb**d (i) -Cg-To Afrf'J^f7n# 

m, j) , ^til^^r (k. m. j) X-&*„ 

[0055] mimmLxnfflKm.w-t2>° 

[0 0 5 6] ASHft i lim^-S^LJf ASS 2 0 0^A 
DZti, XU2tiZiM.#>&*T-9i'g.=F&frL1 l zm®: 
U All^tLiS^S^LSfiSs (m) 

Lt, *^a*.t*H«ic#Ai-*o ::rfflv>*l? 

a^LJfATrt'^VX.Mi, II 1 Sfc»iH3, i4<Of 
T-S^LJfAStl 0 2 -Cfflv^fe<Otll— 07;^'JX 
AT**o B^iS^LOJf A$*lfcIIftl±miP£tf>l.}f 
AI«UT, HK£4bff2 0 3 £7* 7**}t86 2 0 

[0057] 79 y 9 HflSB 2 0 1 -C1±, Lff 
AHft^0f^<OT^ -y^^lfv^ 7^7^t©1^7 
^ y9 2titzmi&t L-C«^S^t^mSB2 0 2^ffi^ 
•tio 79 y 9<T>i&m*. 9UzAU$tiZ,79 y 9->*7 
*-9x (j) KJ:oT&5£$il& 0 «^x»f> 7^-^^ 
^^ftSD'Sr'b^ 

St*Ofiff, ^ivMi^ftSn^OP SNR (Peak Sig 
nal to Noise Ratio; tf- * flTg-JMMNfc) *:f<0*^ 
7^ t LT*g5e$ft*:5£K<0$rg- 

7i«mT-S^L#AIlft^ftiD?tt-&o Sfc, 79y9if 
iujzm'b* bti, 79 y 9 <D/*y *-9 (±{£A^h<^fS 

^LJf A®ft^WLrff*?ttio 
[0 0 5 8] 79 y 9%^rU2 0 1 frhmj}£tl2>79 
vfZtitzWmt* S^-S^ L^tBSt 2 0 2^A*? 

^L^Ui7;v^';XAIi. «?-S^t}f A85 2 OOfl 
v> t> fi/^ t> o icMiBi- i L&HJ 7 ;v =f X a t 

feio ffifejiStifcm^FS^L^UJ-C^^^tjtf 1 Sr 
m*L> ^to-e^^^o^'fciitfOSr^til^t Lta 

if, o. 5 ^f, o 1 1 (opfloffls-m^j-rao 

LfcffifB2 0 2^<btil*Stt^:f'-^»iS^S^L#tt 
S^fi£gB2 0 5^A2)£*t£ 0 

[0 0 5 9] i/^, S?-S^L^tb8B2 0 2«±, M#>& 
*.T-9#n : F&frL&mB2 0 2^tAJ?il, 



(9) 



&ffl¥- 1 1 - 3 4 6 3 0 2 
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Jg1-&#IS:£#L,TV>T*> 4v> e fLT« S^a^LJf 

asb-c}* a Lfcsaa**'- 9 1 tt&zm-vr- 9 a* 
&m-c#fc*§-g-i± i fcffi^u * ^ Jew co^ii, a* 

[0 0 6 0] \t)W®Lt%=}-&frLmXU2 o o^ai 

tKioT^CSBK^tfifcgffll-So i<0Bg 
^-ftfitLTtt, «H«U»i-«m^a*LJfAH«0 
PSNRi^, £>-&v>(4, jtfit ri 9 9 5^8fl, fl' 
M-J 3 >**B, »4 9t, J* 8 1078-108 
6JCJ I2*c<0, «J£*tt*#*LT**ft»tLfcWSN 
R (Weighted Signal to Noise Ratio) £fflv>& £ fcri* 
■C^, £>*V>»4, Xn. ri 9 9 5*12fl, T-f • -f 
_ . ^ _ . ^ _ . h 9 >Hf ^ -> 3 >X • * V • -9--^ 

•y • r > V • ->^f- ax • 7 * - • • f^Dy 

»CSVT-5t> S6-f, 4 6 7-4 7 61 (IE 20 
EE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO 
TECHNOLOGY. VOL.CSVT-6, NO. 6, DECEMBER, 1995) J £ 
f UfSKSftTV** J ND (Just Noticeable Differen 
ce) m^8^Li¥AW£ilif(lHfc<Dg#a*J N 

9\>>*J* [0, 1] ttit, f>5x.lfPSNR*ffli> 
S&-&KI4, *1\ BffccOPSNRffi (tf-*«-!§-*tti 
#Jfc) tttfLT, 0 6 (a) iZTfi-tXiltKmzXv 
t, EI6(a)cOa. bttr 30 

14, 0ix.l4"a = 2 0 dB, b=50dBtv^f*fflV J 

U -e-*t«rlI«^|sTSF*&UriF*&«jilta**Sr**» 
«ittfH6 (b) <OB5»K4oTBS*'ffc<KKge»i- 
*o 0 6 (b) Oct LT14, 00x14" c = 1 0 

2 0 5^tiJt)$n*o 

[0 0 6 1] A*llffcli*:r=/ , 'J$MMIS2 0 4^Ui 
£*l£o *TX*)fm»2 0 4 C0»ffcl4, UK 03, 
H4O*f^'J»Jll«10 3tB*-C*4. « 

WWrH** L.4*tt«£ia» 2 0 5^aJ*£*t&o 

[0 0 6 2] £L±%'<fcH 5 Olfl^L#tt«4«g 
a-efrfrftS&gtt, I «tcoA2>H« i = 1 

i KtfLTtt, ST-2*»L»JKs (m) £m = 

i u<Dum*) izmtz-itx. ±ao«ta* <: fT 

toti&o -f-L-C, -oo«^F-a*L5*flCs (m) K»L 
TI4, 7 9"j9>U*-9 x (j) Sr j = 1 50 
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idKLT#fe*ifc*lBtt*y (k ( i ) , m, j) , 
W.ttfrL&BE.s (m) tWVf-^^m, T^y 

^<7^-^x (j) fc-e-<o>r >f7 j , mi&£<t 

fid (k (i) . m) , *7-=f«J-f >f***k (i) 

tt* : ?-a*»ui*ttSE^j««2 o 5~-A#$ft, 

[0 0 6 3] JfcK, S^a* L#ttS£ftff 2 0 5Co 
[0 0 6 4] m 7 l*m?a* L#t3:iE& l£8B 2 0 5 <0% 

M<n&&*&t-/u ~j *mt*>z> 0 ^aiiem*tfSB3 o 

014, lftffi»**T* fc«*-»*L3fcSE 

bttu***uiTira&HBitfttuff3 o 2^m^j-r 

So ®S^bft*tt-gi5 3 0 1 14, BS^kfiSr^xm; 

w >f ^^tw^afrLaftcfc-^THtf-u bk 

#ft***lBLT7'-*|frfr«.3 0 3 ^tii;*J-f So »tt 
f¥(ffiffigHigB3 0 2 14, 79 v9'U *-9 k&liil&gk 

&mu3 o ofrhthjjzti&tkmmtfrb. 79v>?\z 

»i-*»ttiHM**WL-C, t'-^«E-&SB3 0 3 ~* 
ttlMlHI«:tt*i-*o t'-^«E^-SR3 0 3 14, 

>t*? * * r t cm*- a#> l^jk t ■K&fus t 

[0 0 6 5] El 7 OS^S* L# «*^fiS;S60i& 

[0 0 6 6] 1?8# LO^m^m y ( k ( i ) , m, 
j ) l4^m^**W-SB3 0 O^XlJZtlZo fcUilS** 

t, 7^7 *-9<r>4 >f7?^ j rtc^-ttr 

JSuml (k, m, j) ( k = 1 , . . . , K, m = 
l M, j = l J) tL *f-m; 

S-N 1 (k, m) ( k = 1 , . . . , K, m = 

1 M) t-f&o *D»3«t®TI4, Suml 

(k, m) , N 1 (k, m) Of ittO^-by Ft 

(i) t'5rf-i&frL&8£<< >7*y 9Z.mk.T9 
* - 9<D4 >7v9X j kfcmmZky (k (i) , m. 
j) i**A*$tlSt, Suml (k (i) , m, j) 
<Dmz&th8i$ky (k (i) . m. j) fflanZtl. S 
urn 1 (k ( i ) , m, j ) Offi**Sff$itSo itz. 
Nl (k (i) , m) <D<tK 1 fUBM^tl, Nl (k 

(i) . m) (Om^tiiZtiZo tztZL, i, j, 
m<Ol*> j <n*ifimt-t2>i&&\L Nl (k (i) , 
m) (0^.<r>^M\t^7t>iX^:^ 0 m= 1 M"C^ 

sfts-r^TosTa^Lsiffit i = i ico 

t^TOlfti j = 1 J "C £ ft CO 



(10) ftffi? 1 1 -3 4 6 3 0 2 



17 

7 9 v 9 * -9 l,znLX±ft<n&mi>*m*)&2ft 

10 0 6 7] 
[&4] 

_ Sum\(k,m,j) 
r(k,m,j) = 

N\(k,m) 

[0 0 6 8] CiO, *k, m, jtcM-t4^ffi*r 

(k, m, j) a*#aj$*u »\tmmmnih&3 o 2^ 
[0 0 6 9] fttsfffliHiftma 3 0 2 Tii. &tnmm& 

fH$3 0 0# k <btii:fc£*l-&&Ui^r (k, m, j ) Kg 

-^-c, r 9 9 zw&mmmv u, m ) in 

ffiU t'- 3 0 3-Mti*1-<&o »t£ffflfiltfttl3 
SB 3 0 2O»^«0#aB{imi!Ei-^ o 

[0 0 7 0] !H£#?-ffcfid ( i ) «i, BK^fc* 

&ffg&3 0 l^A:*J$ft<&o iiR^ba^w-ss 3 0 1»± 

tfi-&fc«5>OE9!l* S um 2 (k. m) (k = 
1 K, m= 1 M) , *T=r>)4> 

2 (k, m) (k= 1 K, m= 1 

M) ii-t&o *0»34fcSir»i, Sum2 (k, m) , N2 
(k, m) (Oi^t0* f -fe5'htl lo i#§n<OB<$ 

tc^i--&*-f^'M >fv 9* k (i) tmT-S^LS* 
>rv9AmtWR4S<itmd (i) i*<A;t>S*t* 
Sum2 (k (i) , m) <T>mz d jWm#S*U S 

um2 (k (i) , m) <Otttf*J!!8r£*t&o N 
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*2 (k (i) , m) <OffiKl;6*SD#£iU N2 (k 

(i) , m) <OHtf*M#fStt.*o m=l MT 

^^tL^-f^TOm^-S^L^Si: i = 1 I 

[0 0 7 1 ] 
[&5] 

Sum2(k,m) 

[0 0 7 2] KJ:»K#k, m\zn-+ZW'S£itmD 
(k. m) ;i*#ttJS*U f-^SE-g-SiSS 0 3^lUJ3Zti 

ho 

[0 0 7 3] r-9m.&&3 0 3-eii. KttffMSftffffi 
§63 0 2a>P>tia;£j$it&»t£SMHtV (k, m) t> II 
!R*lb*&f1-gB 3 0 l^'bfflflSft&BS^I'fcKD 

(k, m) t. S^igri* L5£j£ s (m) ti6T, 

20 [0 0 7 4] B 7 U*-*-fMStF«MUH« 302 

[0 0 7 5] T^^^^-^^-^xfra^MlC^b^^r 
fcfc£<D, ^m^<Oit^*#x.*o *7-X>) 4>Tv9 
Xk, ^2!^L&Jg<D-< >f7^^m<Ot £cOT? -J 
9'*7*-9 x iztt-f Z&m&i r a (k, m, x) t 
tSi. *<fcttftB?&w (x) £fflv>T, &;fe<jK»± 

[0 0 7 6] 
* [&6] 



V(*,m) = f w(x)r a (k,m,x)dx 

J-00 



[0 0 7 7] K<fcoTi6rt£ffH»IV (k, m) fctrm-f 
fi^ftltMScw (x) »±, &79-»9'*9*-9x 

\zn-t &istm*0>m&.tmvtv u, m ) -^s-s-** 

5c1-*o d^-f L"bd&5lTtt*v»*», IHtfFtiWlV (k, 
m ) <ou>v£ [o, l] oEHti-^or^ii.^ S. 
*f*»tHttw (x) li, 
[0 0 7 8] 
[&7] 



J w(;t) = 1 



[oo7 9] imtz-rx 7 izi-z>o 

[0 0 8 0] S*tt»tM&w (x) VteWHi. 79 y 9 

<omm^> %&.?&T-7')9--*s3>\zmfLxir>t> 

i> 0 fllx.^ B^OT^y^-o'&^tttJD-C. 79v9>* 
7 *-9im.Wfi%b^ w (x) £1218 (a) <Oi 

<^*u#oT»^ttjtra&oB®#l"t<(>*# < % 3i 



*»/hT* 7 9 v9s*7 *-9i)*feQt£h\f. w (x) 
*08x.tfBl8 (b) <D £ 7 iZ x = 1 <0 1 & IzWcKife* t 

40 m^li. 1 iz&\,*t iO^WsptiiffiHTJi^ 

*3t. m^-<07 9 y 9i> t mmx, 7 9 v 9'< 

y *-9i> t ®mft% c i>ti, w (x) zmZ-\i®s (c) 
•c w&zmg:-rz>!%iz. 9 om<ofe&.<r>ftm<Dmmu. 

h 0 $>h^\*. > h7V V Ltz&. **c\-r 

?Wi*-&tTc:ti%z.tzt£, 9 OgWte&t-E-Oifiia 

#x.t5<x^7t*-C**o iot, 9 OgOte&i-E-OiS 



(11) 
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20 



■oifXDT 9 v 9'<y*-9 x Kttf &£*tt»tlM»:ilw 
(x) 4-ietgLTiJ<o *LT. £<Og|&<t*#v*-C#r 

[0 0 8 3] 09 (a) K^1- ra (k, m, x) £$f 
*U§li£mL*:§8&£ r * (k, m, x) k U £*tt»t 
K&w (x) £#^i^®a^aL*:§8&*w• (x) 
Z>* &&it<Q&9.i x = xo , xo+Ax, xo+2A 
x xo + (H-l) Axtt^t, »6li, 



miztt*)^ E8 (c) <omui$£-ci>*>o 

10 0 8 1] UtLWttKJS^'-C, XHtCir 

ttfHBfflV (k, m) SrfUJta^ffiUOV^TiS^S,, 
[0 0 8 2] &ffi5£t \,X&%tl2><r>\*7 9 v 9 >*=7 * 

7*-9x (j) (j = l J) K*N-£ffiO 

*-e** 0 2^ a<M>htra&w (x) tt^<oxic 

<-ofr<r>79 v 9 * - 9 \zft-$ bfe(OZ.X-ibZ> 0 * 

0 9U7jr*-J:-5U, Jttkffij^ft^'b^fttiaja'fft^ 10 

tzT9 -j9*7*-9 x ( j ) <D8tf!t>ffcH|!fiJ: f)+fl-SB [0 0 8 4] 

*M,M|iAxT«*<fcLfcfc§0&m^£*#> fittefFfif [Sc8] 

fflwsm»cfflv^ 0 »t4fF<ffitt*msc3 o 2 »±iatg#s * 

«- 1 

V(k,m) =X H ' , (*o + hbx)r\k,m,x Q + h&x)Ax 

[0 0 8 5] X&QLXZ&o ioT, »8-C*S 
WfflMtV (k, m) i#*ftf'HVf»^Xk, #m 
^a*L5fcflEmK#L-C*aiL, ^- ^ tt-^ffl 3 0 3^ 20 

[0 0 8 6] i<0*S:«i, T 9 v 9***7 J* — 9^kifc%3g 

mLx, 79 ~;9iztti-&m&toti:itmmmiM.to-t 

7~- HISSU7* ? * Srfi : oTv^v>r * 
•;^A7^-?i:HU4> &UJ5££F*i}f *W LTlv> 
T9v9^ *-9 x (j) ^Sff^^i^M 

Sfc, »*ttttH**fflv»TiHSfMlM6**ttl1-*fc 



KZM8tmmzmmmKB.&2itz>zktf°imk%z>o ? 

<bK> 7^Jt-/3 >&2fia&CT, fi*ft-»tM&* 
^x.*^S^*>-S*&-g-C l ^> »ttff{ffi<l»mSB3 0 2W 

[0 0 8 7] 3fcfc, 0 7 IC^-firttfHnkJttiia* 302 

-fa. *-f, *tto**i:ov>TJfi'<4. 
[0 0 8 8] ±J£<0*i*i: little LT, 7 9 v 9 >*y * 

-9 xzmm&Hz&itmttzk&n, ®m&<r>m&*% 

x.*„ *Ut, **fl9Ktt, 
[0 0 8 9] 
[&9] 



V(Jfc,m) = - P T(r a (k,m,x),a)dx 



[0 0 9 0] K&^T, *-r^>; -f >fy k> 
Stf»L3<l&<7M aifttfFfiiHtv 

(k, m) £#*!>* 0 £ £ K L l±*i* i: & * 7 * ? 9'* 
7>-^Ef^fi?ni)> T (x, a) li 

[0 0 9 1 ] 

[&1 0] 



40 



fl (jc>a) 
|0 (*<a) 



t [0 0 9 2] T#x<b*t& 2 lUfcragre £>■&<, c*H= i 

[0 0 9 3] 
[&1 1] 



1 



H-l 



V(k,m) = -\T(r\k,m t x 0 +h6x) i a)Ax 



[0 0 9 4] KJ:oT&9*;a4&U IttilFfiffiilfcgm 
1--& 0 &1 1 <D»1£iHiliV (k, m) *#*7-=T'M 



50 



-^«E-&SB3 0 3^m^-r*o 



(12) &m¥■^ 1 -3 4 6 3 0 2 
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[0095] i<o^fttix &aj5£*>*&< %i>mw<o*.z 

[0 0 9 6] JSLt, *^©S : fS^HfA->^f AS 

[0 0 9 7] ^«<0M^U» A->*r AXW 
Lit &*ffcj£3£fi£3ISI1-* tz*)<r>7u A *fB 

«• n v e a. - * i: •) Hff °r ft & -f a ^ 7 a mm k. 
f D&<r>&m.mmzmm-t * - tcio x$m-rz> z. t 

[0 0 9 8] 4 fc±EE«lt#«i-9— 

ES^SKCOnvfcri-^n^AfcfBSL-Cist 20 
h7-^«-^LTi©^>fa-^-/n/7A*t 

[0 0 9 9] 

lf£9KO$&S] #f£iK i— yjWfffIRL* 
<Tt, A^MtfUcJgLfcm^S^LSiiiKSrifegU flr 

[0 10 0] -E-OSfiJi, A^Jll«**x^'J^lw«-|i 

[mjEo^imw] 

[H2] hi os^-s^LSiJK^msei o oosj^s-si 

[113] *^<^)#2(0||^<0^<07'n-7^|lT-*) 
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[14] *&m<r>m3<om&<W&Mv>7ny?&-e#, 
[05] 03 om^S^ L#t4^l£SS 1 3 2 «D jlifi 
[0 6] lig^kS<O^[ancfflv^MSr<D^?r^1-0-C 
[0 7] 0 5 com^S^ L#&a&J£SB 2 0 5 OUSfeO 

[0 8] y^<^»14Sfifli€#ancfflv^m^ft»t§i 
gcO^O?-^1-0t l ^)* o 
[0 9] «ttb^<O^*'ftWWI ; Sr^-t0^*-5>o 
[0 1 0] ?6J|EOm^S^L}f ASOFII^^i-H^* 

[^<ogi^] 

ioo w.3-m*LmBtnm® 
i o i %*x&e 

102 ^S^LJfASB 
1 0 3 arrf'J^SSB 

i 3 i &mmm 
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